Abstract
Interannual changes in the zooplankton community structure on the southeastern Bering pollock. We conclude that on the southeastern Bering Sea shelf, the magnitude and 43 timing of primary production, which is related to climate change, may significantly 44 affect how it is transferred through the food web.
Introduction

50
The southeastern Bering Sea shelf is characterized by high biological productivity, has 51 large amounts of phytoplankton, zooplankton, benthos, fishes, seabirds and marine 52 mammals, and is an important fishing ground of walleye pollock (Theragra 
65
In the Bering Sea ecosystem, mesozooplankton are important because they 66 connect primary production to higher trophic level production. concentration was measured using a fluorometer (Turner Designs, Inc.).
106
The number of sampling stations in any one year was 9-49 (total = 96), and the 107 total number of samples was 428 (Fig. 1) . Based on bottom depth, the southeastern sampled every year of the study (Fig. 1) , so only the data from these twelve stations
113
were used to analyze long-term changes.
2-2. Sample analysis
115
Based on the biomass of the samples, subsamples were created with a Motoda plankton 116 splitter (Motoda, 1959) , and the subsamples were examined under a stereomicroscope.
117
Copepods were staged and identified to the lowest possible taxonomic level.
118
For copepods, the most important genus in this region (Calanus) is reported to be 
where n i is abundance (inds. m -2 ) of the ith species, and N is total copepod abundance 173 (inds. m -2 ) in the group (Shannon and Weaver, 1949).
174
To evaluate factors affecting the variability of copepod abundance, two-way
175
ANOVA with year and station as independent variables was used. To determine which 176 factors controlled annual changes in copepod abundance, correlation analysis was done 177 between the abundance of dominant copepods and three factors: water temperature (throughout whole water column, in upper layer and in lower layer), salinity and 179 chlorophyll a (whole water column).
180
For P. elegans, cohort analysis was done based on the TL histogram data from 181 the Middle shelf using Microsoft Excel Solver (Aizawa and Takiguchi, 1999).
182
To evaluate what factors controlled the interannual changes in chaetognath waters than the abundance peak due to the dominance of large-sized oceanic copepods.
208
Copepod biomass and abundance were both high in cold years and low in warm years.
209
Throughout the study period, 24 calanoid copepod species from 21 genera were 210 identified (Table 1) . Pseudocalanus spp. was the most numerous, and Calanus spp. (Table 1) .
214
Based on abundance of each species, cluster analysis divided the copepod 215 community into six groups (A-F). The groups contained 24-127 stations (Fig. 4A ).
216
From multiple-regression analysis, environmental factors that were significantly related 217 with the group separation were latitude, longitude, depth, sea surface temperature, sea 218 surface salinity and bottom salinity. The most important factors were latitude and 219 depth; they determined 70-77% of the variability of the copepod community (Fig. 4B ).
Mean copepod abundance was highest in group D and lowest in group E (Fig. 4C ).
221
Species diversity was higher in groups A and C (H' = 1.6) than in groups B, D, E and F
222
(H' = 1.0-1.1). These group-specific differences in species diversity were caused by were also observed (Fig. 4C , Table 1 ).
231
The regional and interannual distributions of each group were clearly separated Middle shelf, and group F was centered on the Inner shelf (Fig. 5A ).
238
Two-way analysis of variance (ANOVA) on annual and geographical 239 differences in abundance of the dominant copepods showed significant interannual 240 changes for Acartia spp., M. pacifica and Neocalanus spp. on the Outer shelf (Table 2) .
241
Significant station-to-station differences were detected only for Calanus spp. on the Middle shelf. All dominant copepods on the Middle shelf (Acartia spp., Calanus spp.
243
and Pseudocalanus spp.) showed highly significant interannual changes in abundance (p 244 < 0.0001, Table 2 ).
245
Correlation analysis was used to evaluate which environmental parameters 246 were related to the interannual changes in copepod abundance. Abundances of the 247 three dominant copepods on the Middle shelf, which all showed high interannual 248 variability, were strongly negatively correlated with temperature and salinity ( and low when temperature and salinity were high, which is similar to the pattern 275 observed in copepod abundance (Table 4) . 
Discussion
277
The copepod community on the Bering Sea shelf showed large interannual differences 278 across the shelf (Fig. 5A) . The major environmental factors that were related to the 279 copepod community were latitude and depth (Fig. 4B) , and species diversity was 280 highest on the Outer shelf because of the occurrence of the oceanic copepods in addition 281 to the shelf copepods (Fig. 4C) . These findings correspond well with the horizontal 282 distribution of copepod community structure reported by Cooney and Coyle (1982).
283
These cross-shelf differences in copepod species may be related to the occurrence of (Fig. 3) . In the present study, the copepod community greatly varied between cold shelf, but showed no change on the Middle shelf, and the abundance of all copepod 298 species drastically decreased on both the Outer and Middle shelf (Fig. 5) . Thus, these 299 findings clearly indicate that both the wet mass and copepod community structure 300 showed interannual changes on the southeastern Bering Sea shelf (Fig. 8) .
301
Physical and biological changes have occurred in the southeastern Bering Sea 302 shelf over the last two decades (Fig. 8) (Fig. 3, (group D and E in Fig. 4C ). This is partly because both large and small copepods were 368 abundant in cold years and less abundant in warm years (Table 3) (Table 3) .
375
Similar to copepods, the biomass of the jellyfish Chrysaora melanaster is high Interannual changes in chaetognath abundance and biomass were somewhat 384 similar to the changes in copepods (Fig. 8) . This may be an example of bottom-up 385 control on predatory chaetognath abundance by prey (copepods) abundance.
386
Chaetognaths in this region change their food items and size at maturity between cold 387 and warm years; in cold years, they prey on large Calanus spp. and mature at large size, data were analyzed (cf. Fig. 2 ). 
